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ABSTRACT 
The assemblage structure, abundance, biomass, and vertical distribution of 
juvenile reef fishes in the offshore pelagic habitat of the northern Gulf of Mexico are 
described as part of the NOAA-supported Offshore Nekton Sampling and Analysis 
Program.  The results presented here are from a 3-month, continuous sampling series in 
2011 in which discrete depth strata from 0 to 1500 m were sampled using a 10-m2 
MOCNESS midwater trawl.  This is the first study to examine pelagic juvenile reef fish 
distributions across the entire oceanic northern Gulf of Mexico seaward of the continental 
shelf break after the Deepwater Horizon Oil Spill.  During this series, 87,407 specimens 
were collected, of which 838 were reef fishes, representing seven orders, 30 families and 
119 species.  The faunal composition of pelagic juvenile reef fishes was diverse and well 
mixed, with no discernable spatial structure with respect to water masses and solar cycle.  
Seventy-nine percent of the pelagic juvenile reef fishes were collected in the epipelagic 
and the dominant families were Congridae, Carangidae, Tetraodontidae, and 
Acanthuridae.  Species richness, biomass, and frequency of occurrence of pelagic 
juvenile reef fishes was greatest between 0-200 m and decreased with depth.  Data from 
the assemblage structure, abundance, biomass, and vertical distribution of pelagic 
juvenile reef fishes collected from this cruise series will contribute to the lack of 
knowledge regarding the dispersal dynamics and coastal-connectivity of these fishes in 
the northern Gulf of Mexico. 
 
Keywords:  faunal composition, abundance, biomass, species richness, distribution, 
frequency of occurrence, MOCNESS, Acanthuridae, Carangidae, Congridae, 
Tetraodontidae, Rhynchoconger flavus 
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INTRODUCTION 
The majority of coral reef fishes exhibit two disparate life stages, the pelagic 
juvenile stage and the demersal adult stage.  Pelagic juvenile reef fishes have historically 
been overlooked in oceanic ecology studies, often being labeled as “unidentified other 
fishes” (Hopkins and Lancraft, 1984).  Likewise, most studies of reef fishes focus solely 
on the adult demersal stage rather than the pelagic juvenile phase.  Of more than 100 
families of bony reef fishes, only five do not exhibit an early life pelagic stage (Leis, 
1991).   
Kendall et al. (1984) stated that regardless of adult habitat preferences (demersal, 
pelagic, coastal, or oceanic) most marine fishes have externally fertilized pelagic eggs 
that are designed to float at the surface.  Once the eggs hatch, the pelagic larvae remain 
near the surface for varying durations of time during development.  Many reef fish larvae 
remain pelagic for up to six weeks (Brothers and Thresher, 1985).  The pelagic phase is 
fundamental to the ecology of the species given the dispersal of juveniles up to thousands 
of kilometers (Leis, 1991).  Even though thousands to millions of eggs may be broadcast 
by one female, the pelagic phase of the earliest life history stages (eggs, larvae, post-
larvae) may experience close to 100% mortality, making the pelagic juvenile stage the 
key to successful recruitment of adult populations (Doherty, 1983).  Leis (1991) 
speculated that more total energy of a reef fish population may exist in the pelagic 
juvenile phase than in the adult demersal phase.  This speculation is supported by the 
importance of pelagic juvenile reef fishes as regular food resources for epipelagic 
predators, such as tunas and dolphinfishes (Carbonell et al., 1998; Allain, 2005). 
There are several reasons why sampling pelagic fishes is difficult.  Pelagic fishes 
are over dispersed (patchy), not evenly distributed within the water column vertically or 
horizontally; distributions often vary with seasons, and there is no sampling method 
available for all pelagic stages (Leis, 1991).  The Southeast Area Monitoring and 
Assessment Program (SEAMAP) is a State/Federal and educational program that 
conducts ichthyoplankton surveys of the Gulf of Mexico (GoM).  SEAMAP surveys 
utilize bongo and neuston samplers, a 1-m MOCNESS, and Methot fish trawl to sample 
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the mid continental shelf to deep Gulf waters in order to assess the occurrence, 
abundance, and distribution of early life stages of fish larvae.   
In addition to larval fishes, adult deep-pelagic fishes were collected as part of the 
NOAA-supported Offshore Nekton Sampling and Analysis Program (ONSAP).  The 
ONSAP survey, which is believed to be the largest of its kind, targeted the water column 
(0-1800 m) of the northern GoM in 2010-2011.  The results of these surveys have created 
a much needed baseline data source for the GoM. 
In order to address a standing gap in our knowledge of pelagic juvenile reef fish 
population ecology, this study utilized the large sample set from ONSAP to examine the 
pelagic habitat use of juvenile reef fishes in the GoM. The assemblage structure, 
abundance, biomass, vertical distribution, and an annotated species list of pelagic juvenile 
reef fishes across the entire oceanic northern GoM seaward of the continental shelf break 
are presented in this paper. 
 
2. METHODS 
2.1. Sampling. 
 Specimens were collected during ONSAP, which was developed and 
implemented by Dr. Tracey Sutton (NSU) at the request of NOAA to provide data needed 
for Deepwater Horizon Oil Spill (DWHOS) Natural Resource Damage Assessment.  
Seven major cruise series were conducted throughout 2010-2011.  This study will focus 
on data collected from the M/V Meg Skansi 7 (MS7) cruise series, which sampled the 
northern GoM from April 20, 2011 through June 29, 2011, and coincided with the timing 
of the DWHOS one year prior.  The MS7 cruise series was divided into five legs:  Leg 1 
was sampled from April 20 through April 26, Leg 2 was sampled from May 4 through 
May 12, Leg 3 was sampled from May 14 through May 25, Leg 4 was sampled from June 
2 through June 12, and Leg 5 was sampled from June 17 through June 29. 
The goal of the MS7 cruise series was to evaluate the distribution and abundance 
of pelagic fishes and invertebrates throughout the northern GoM at specific sites and 
depth strata after the DWHOS.  The sampling sites from the ONSAP were equidistant (30 
n.m.) from each other forming a grid pattern across the northern Gulf (27°N to 29°N, 
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85.5°W to 92.5°W) (Fig. 1).  A total of 340 samples were collected from 45 stations 
positioned seaward of the 1000-m isobath, both day and night (Table 1 in the Appendix). 
 
 
 
 
 
Figure 1.  Deepwater stations sampled during the M/V Meg Skansi 7 cruise series. 
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2.2. Gear and strategy.   
The MS7 cruise series utilized a 10-m2 Multiple Opening/Closing Net and 
Environmental Sensing System (MOCNESS) as the primary sampling gear (Wiebe et al., 
1976).  The MOCNESS, a six-net (3-mm mesh), discrete-depth sampling system was 
used to sample specific depth strata (Fig. 2). 
 
Figure 2.  The MOCNESS sampling gear being deployed at a station. 
 
The six nets of the MOCNESS were controlled from an onboard deck unit via 
conducting cable.  Net zero fished from the sea surface to a maximum depth of 1500 m.  
Net one sampled from 1500-1200 m depth.  When net one closed, net two opened and 
sampled from 1200-1000 m depth.  Net three sampled from 1000-600 m depth.  Net four 
sampled from 600-200 m depth and net five sampled from 0-200 m depth.  The gear 
allowed for the investigation of vertical distribution patterns.  A T.S.K. flowmeter was 
used to determine the volume of water filtered by each net (Wiebe et al., 1976) in order 
to standardize catch numbers and biomass per unit effort.  Only net samples that had 
quantitative volume filtered data for each specific depth stratum were used in the 
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analyses. After cod-ends were retrieved, the samples were preserved in 10% (v/v) 
formalin: seawater until further identification and processing could be completed in lab. 
 
2.3. Processing. 
Specimens from the MS7 survey were identified to species in most cases, or 
higher level (e.g., family) when necessary due to time constraints.  Dr. Sutton provided 
training, assistance, and quality assurance of all identifications through keys and other 
reference works.  Standard length in millimeters and weight in grams were recorded for 
up to 25 specimens of every fish species from every trawl sample, sample size permitting.  
The length data were used to compare size with depth of occurrence and location to 
characterize life stage-specific differences in distribution.  
A fish species was determined to be a “reef fish” if the literature review 
determined the species to be “reef-associated”.  Reef-associated species usually have 
adults that live on or nearby reef structure or are found in the sediment close to reef 
habitat on the continental shelf.  The percent relative abundance of reef fishes collected 
between 0-200 m depth was calculated for both day and night samples for comparison by 
dividing the number of reef fish specimens collected in the top 200 m by the total of all 
fish specimens collected and multiplying the result by 100.   
Frequency of occurrence of reef fish families was calculated by taking the number 
of samples containing a given taxon collected for a particular depth stratum and solar 
cycle (day or night) and dividing by the number of quantitative samples for that depth 
stratum and solar cycle.  Samples were considered “quantitative” if they contained 
volume filtered data and did not have any gear malfunction, such as tears in the nets, etc. 
 
2.4. Data Analysis. 
Oceanic community distribution data are inherently non-normal due to the high 
portion of rare species and “zeros” in the resulting species × station matrix.  Therefore, I 
used non-parametric multivariate statistical tests methods for data analysis namely non-
metric multi-dimensional scaling and hierarchical cluster analysis.  Both methods are 
based on the similarity of samples in a dataset with respect to relative abundance (or 
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distribution), and when used in concert, provide a means of discriminating ‘assemblages’ 
within complex datasets.  The assemblages, in this case representing groups of fishes that 
routinely co-occur, can then be compared with factors of presumed importance, such as 
solar cycle, geographical location and water mass to potentially provide insight with 
observed fish distributions.  These methods provide a more robust way of looking at 
pelagic distributions than direct species-environmental variable analyses, which vary 
massively in time and space.  The software package PRIMER v.6. (Clarke and Gorley, 
2006) was used to conduct these analyses. 
In order to run the non-metric multi-dimensional scaling (MDS), the standardized 
abundance of fish species collected at each station was assembled into a species × station 
matrix.  Standardization was completed by dividing the sum of the raw counts by the sum 
of the volume filtered for all nets.  The matrix was then imported into PRIMER where the 
standardized data were square-root transformed.  A square root transformation was 
utilized because it down-weighed the most abundant species in the dataset, while 
accounting for the rarer species.  After the transformation was completed, a triangular 
matrix of Bray-Curtis similarity coefficients was generated, which are calculated as: 
𝑆𝑗𝑘 = 100 {1 −
∑ |𝑦𝑖𝑗 −  𝑦𝑖𝑘|
𝑝
𝑖=1
∑ (𝑦𝑖𝑗 +  𝑦𝑖𝑘)
𝑝
𝑖=1
} 
Sjk represents the similarity between two samples, j and k.  The standardized 
abundance value is represented by yij, where i is a particular row in the data matrix and j 
is a particular column.  The count of a specific species, i in a particular sample, k is 
represented by yik (Clarke and Warwick, 2001).  
After constructing the Bray-Curtis similarity matrix, a hierarchical cluster analysis 
was performed.  This analysis fuses samples into groups based on similarity and then 
forms clusters at lower levels, which forms a dendrogram with the x-axis representing all 
samples and the y-axis representing the level of similarity.  A SIMPROF permutation test 
(1000 iterations, p < 5%) was performed to determine the similarity level at which 
statistically significant assemblages could be discriminated (Clarke and Gorley, 2006).   
 Non-metric multi-dimensional scaling ordination was used to construct 2-
dimensional and 3-dimensional plots depicting the proximity of stations to one another 
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based on similarity.  The MDS map positions the stations as closely as possible to one 
another to achieve the smallest stress value, which represents the relationship of samples 
to each other in a higher dimension (e.g., 2-D or 3-D).  The cluster analysis was then 
overlain on the MDS ordination using the concordance method defined in Sutton et al. 
(2008) to help discriminate distinct groupings/assemblages. 
Sea surface height (SSH) and water flow direction information was acquired from 
the Naval Research Laboratory Hybrid Coordinate Ocean Model (HYCOM).  Utilizing 
HYCOM images, daily water flow patterns and SSH images were assessed for the 
northern GoM during the 2011 MS7 cruise series.  All 45 stations were overlain on the 
HYCOM model output to characterize the hydrography at each station at the time of 
sampling.  The following hydrographic features were designated based on duration (e.g. 
days, weeks, months), directional flow, and sea surface height (SSH) at the time sampling 
occurred:  non-eddy (NE), cyclonic eddy (CE), cyclonic vortex (CV), anti-cyclonic 
vortex (ACV), Loop Current eddy (LCE), Loop Current eddy convergence flow (LCE 
jet), and cross-margin flow onshore and offshore (OnCMF and OffCMF, respectively) 
(Figs. 3 and 4).   
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Figure 3.  HYCOM model depicting hydrographic features:  Loop Current eddy (LCE), 
cyclonic eddy (CE), non-eddy (NE), Loop Current eddy convergence flow (LCE jet), 
anti-cyclonic vortex (ACV), and cyclonic vortex (CV) on May 7, 2011 during the MS7 
cruise series. 
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Figure 4.  HYCOM model depicting offshore cross-margin flow and onshore cross-
margin flow (OffCMF and OnCMF, respectively) in relation to the Loop Current eddy 
(LCE) on May 4, 2011 during the MS7 cruise series. 
 
 
Non-eddy (NE) water masses refer to bodies of water that were not rotating in any 
fashion and were not influenced by the Loop Current.  Cyclonic eddies (CE) were bodies 
of water that rotated counter-clockwise and lasted for an extended period of time.  
Cyclonic vortices (CV) were similar to cyclonic eddies except that these counter-
clockwise rotating water masses were short-lived, whereas eddies can last for several 
days to months (Jochens and DiMarco, 2008).  Anti-cyclonic vortices (ACV) rotated 
clockwise and were also short-lived (days).  The Loop Current eddies (LCE) were large-
scale anticyclonic detachments from the Loop Current.  Perimeter waters around the LCE 
converged into narrow, fast-moving water masses and were termed Loop Current eddy 
convergence flow (LCE jet).  Cross-margin flow (CMF) describes areas where 
anticyclonic and cyclonic eddies occurred simultaneously near the edge of the continental 
shelf  and moved water either onto the continental shelf (onshore) or drew water from 
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over the shelf into the oceanic domain (offshore).  CMF’s therefore act as a mechanism 
for transporting juvenile reef fish from the open ocean onto the shelf. 
 
3. RESULTS 
3.1. Ichthyofaunal composition. 
Seven reef fish orders collected from this cruise series included, in order of 
abundance:   Perciformes, Tetraodontiformes, Anguilliformes, Scorpaeniformes, 
Lophiiformes, Beryciformes, and Syngnathiformes.  Thirty reef fish families were 
represented, which included:  Acanthuridae, Antennariidae, Apogonidae, Balistidae, 
Callionymidae, Carangidae, Chaetodontidae, Chlopsidae, Congridae, Diodontidae, 
Epigonidae, Fistulariidae, Haemulidae, Holocentridae, Labridae, Lutjanidae, 
Malacanthidae, Monacanthidae, Moringuidae, Mullidae, Muraenidae, Ophichthidae, 
Ostraciidae, Pomacanthidae, Pomacentridae, Priacanthidae, Scorpaenidae, Serranidae, 
Syngnathidae, and Tetraodontidae.  Serranidae was the most taxon-rich family of the reef 
fishes (with 13 taxa) collected, followed by Carangidae, Congridae and Muraenidae (each 
with 10 taxa).   
 A total of 119 reef fish species were identified from the MS7 cruise series.  The 
list of reef fish species and total counts is presented in the following annotated species 
list. 
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3.1.1. ANNOTATED SPECIES LIST 
Order Anguilliformes 
Moringuidae – worm or spaghetti eels 
 
 Two Moringua edwardsi (Jordan & Bollman, 1889) leptocephali (Fig. 5) were 
collected at night between 0-200 m depth.  M. edwardsi young and females create 
burrows in the sand near reef tracts.  Males live in deep-pelagic waters.  M. edwardsi is 
found along Bermuda, the Florida Keys and Bahamas, as well as northern South America 
(Robins and Ray, 1986).   
 
Figure 5.  Moringua edwardsi leptocephalus collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 41 mm SL. 
 
Chlopsidae – false morays 
 
 Eight Chilorhinus suensonii Lütken, 1852 leptocephali were collected.  Six were 
collected between 0-200 m depth (five during the day and one at night).  Another 
leptocephalus was collected between 200-600 m depth during the day and one was 
collected between 1200-1500 m depth at night.  C. suensonii adults are found along sandy 
substrate and seagrass beds from Bermuda and south Florida to Brazil (Robins and Ray, 
1986). 
 Nine Kaupichthys hyoproroides (Strömman, 1896) leptocephali were collected.  
Eight leptocephali were collected between 0-200 m depth (six during the day and twat 
night).  Another leptocephalus was collected between 1000-1200 m depth during the day.  
K. hyoproroides adults are found in and amongst coral reefs and their range extends 
along Florida, the Bahamas, Texas and South America (Robins and Ray, 1986). 
 One Kaupichthys nuchalis Böhlke, 1967 leptocephalus (Fig. 6) was collected 
between 0-200 m depth during the day.  K. nuchalis adults are found within and around 
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coral reefs and their range extends from the Bahamas, Texas and South America (Robins 
and Ray, 1986).   
 
 
 
Figure 6.  Kaupichthys nuchalis leptocephalus collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 38 mm SL. 
 
Muraenidae – moray eels 
 
 Five Anarchias similis (Lea, 1913) leptocephali were collected.  Four of the five 
leptocephali were collected during the day between 0-200 m depth.  The fifth 
leptocephalus was collected at night between 1200-1500 m depth.  A. similis adults can 
be found on or near eel grass and rocks up to a depth of 97 m and are considered rare in 
shallow waters (Fahay, 2007).   
 Two Gymnothorax conspersus Poey, 1867 leptocephali were collected between 0-
200 m depth during the day (Fig. 7).  G. conspersus adults live on the upper continental 
slope in fine sediment (Uyeno et al., 1983).   
 
Figure 7.  Gymnothorax conspersus leptocephalus collected during ONSAP sampling in 
the northern GoM from the 2011 MS7 cruise series.  Specimen is 62 mm SL. 
 
 One Gymnothorax miliaris (Kaup, 1856) leptocephalus was collected between 0-
200 m depth at night (Fig. 8).  G. miliaris adults are common on fringing reefs as well as 
patch reefs (Abrams et al., 1983; Gilbert et al., 2005).   
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Figure 8.  Gymnothorax miliaris leptocephalus collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 51 mm SL. 
 
 Ten Gymnothorax moringa (Cuvier, 1829) leptocephali were collected between 0-
200 m depth (four during the day and six at night).  Two leptocephali were collected 
between 200-600 m depth during the day and another juvenile was collected at night 
between 1200-1500 m depth.  G. moringa adults are frequently seen on coral reefs, as 
well as rocky and grassy areas in shallow waters.  Their habitat ranges from North 
Carolina, Bermuda, and the GoM to Brazil (Robins and Ray, 1986).  G. moringa have 
been known to travel up to 100 m in one night and up to 400 m in a couple of months and 
are very abundant at fringing, patch, and bank reefs (Gilbert et al., 2005).  Abrams et al. 
(1983) found G. moringa to be more abundant in sandy areas with fewer corals. 
 Three Gymnothorax ocellatus Agassiz, 1831 leptocephali were collected.  Two of 
the leptocephali were found between 0-200 m depth (one during the day and one at 
night).  The other leptocephalus was collected between 200-600 m depth during the day 
(Fig. 9).  G. ocellatus adults inhabit soft bottom substrate and banks up to 160 m depth 
(Lieske and Myers, 2002). 
 
Figure 9.  Gymnothorax ocellatus leptocephalus collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 49 mm SL. 
 
 Two Gymnothorax vicinus (Castelnau, 1855) juveniles were collected during the 
day between 0-200 m depth.  Another juvenile was collected between 1000-1200 m depth 
at night.  G. vicinus adults live among rocky shores and shallow reefs with sandy patches 
(Robins and Ray, 1986; Lieske and Myers, 2002). 
 Two Uropterygius macularius (Lesueur, 1825) juveniles were collected between 
0-200 m depth (one during the day and one at night) (Fig. 10).  U. macularius adults 
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inhabit coral reefs, as well as rocky substrate from the coast up to 137 m depth (Fahay, 
2007). 
 
Figure 10.  Uropterygius macularius leptocephalus collected during ONSAP sampling in 
the northern GoM from the 2011 MS7 cruise series.  Specimen is 37 mm SL. 
 
 Three leptocephali were identified as Gymnothorax spp.  Two of these 
leptocephali were collected between 0-200 m depth (one during the day and one at night).  
The other leptocephalus was collected between 1200-1500 m depth at night.  Two 
leptocephali were identified as Muraenidae.  Both were collected at night, but one 
individual was collected between 0-200 m depth, while the other leptocephalus was 
collected between 600-1000 m depth.   
 
Ophichthidae – snake eels 
 
 Twenty-one Ahlia egmontis (Jordan, 1884) leptocephali were collected.  Between 
0-200 m depth, three leptocephali were collected during the day, while 15 were collected 
at night.  Two leptocephali were collected between 200-600 m depth during the day.  One 
leptocephalus was collected between 600-1000 m depth during the day.  A. egmontis 
adults are associated with offshore reefs from Florida to the Bahamas and the northern 
GoM to Brazil (Robins and Ray, 1986).  
 One Myrichthys breviceps (Richardson, 1848) leptocephalus was collected 
between 0-200 m depth at night (Fig. 11).  M. breviceps adults are commonly found on 
the continental shelf, as well as on coral reefs with grassy, sandy areas.  They have also 
been known to occur in harbors (Lieske and Myers, 2002).   
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Figure 11.  Myrichthys breviceps leptocephalus collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 82 mm SL.  
 
 Two Myrophis platyrhynchus Breder, 1927 leptocephali were collected at night 
between 0-200 m depth (Fig. 12).  M. platyrhynchus adults are found in shallow water 
where there is vegetation or a semi-protected bay that is usually less than 10 m deep 
(Fahay, 2007).   
 
 
Figure 12.  Myrophis platyrhynchus leptocephalus collected during ONSAP sampling in 
the northern GoM from the 2011 MS7 cruise series.  Specimen is 59 mm SL. 
 
 Six Myrophis punctatus Lütken, 1852 leptocephali were collected.  Three 
leptocephali were collected at night between 0-200 m depth.  Two leptocephali were 
collected between 200-600 m depth (one during the day and one at night).  One 
leptocephalus was collected during the day between 1000-1200 m depth.  M. punctatus 
adults are usually seen in shallow water less than 7 m depth, such as tidal creeks and bays 
(Fahay, 2007). 
 One Ophichthus gomesii (Castelnau, 1855) leptocephalus was collected between 
0-200 m depth at night (Fig. 13).  O. gomesii adults are found in bays and estuaries up to 
219 m depth (Fahay, 2007). 
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Figure 13.  Ophichthus gomesii leptocephalus collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 60 mm SL. 
 
 One Ophichthus puncticeps (Kaup, 1859) leptocephalus was collected between 0-
200 m depth at night (Fig. 14).  O. puncticeps adults have been seen up to 219 m depth 
(Fahay, 2007).   
 
Figure 14.  Ophichthus puncticeps leptocephalus collected during ONSAP sampling in 
the northern GoM from the 2011 MS7 cruise series.  Specimen is 74 mm SL. 
 
 One Quassiremus ascensionis (Studer, 1889) leptocephalus was collected at night 
between 0-200 m depth.  Q. ascensionis adults have been seen burrowing in mixed sand 
and turtle grass beds up to 12 m depth (Fahay, 2007).   
 
Congridae – conger and garden eels 
 
 One Ariosoma anale (Poey, 1860) leptocephalus was collected between 0-200 m 
depth at night.  A. anale adults are found from south Florida to Panama and the Guianas 
inhabiting sandy substrate up to 55 m depth (Fahay, 2007). 
 Forty-six Ariosoma balearicum (Delaroche, 1809) leptocephali were collected.  
Forty leptocephali were collected between 0-200 m depth (11 during the day and 29 at 
night).  Four leptocehpali were collected during the day between 200-600 m depth.  One 
leptocephalus was collected during the day between 600-1000 m depth.  One 
leptocephalus was collected between 1200-1500 m depth at night.  A. balearicum adults 
are commonly found in bays and in muddy substrate less than 100 m depth (Robins and 
Ray, 1986; Miller, 2002). 
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 One Conger oceanicus (Mitchill, 1818) leptocephalus was collected between 0-
200 m depth at night (Fig. 15).  C. oceanicus adults are found nearshore and on the upper 
continental slope and have been seen up to 577 m depth in the GoM (Fahay, 2007).   
 
Figure 15.  Conger oceanicus leptocephalus collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 85 mm SL. 
 
 One Conger triporiceps Kanazawa, 1958 leptocephalus was collected between 0-
200 m depth at night (Fig. 16).  C. triporiceps adults are found in sandy substrate near 
coral reefs up to 15 m depth (Fahay, 2007).   
 
Figure 16.  Conger triporiceps leptocephus collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 90 mm SL. 
 
 One Heteroconger longissimus Günther, 1870 leptocephalus was collected 
between 0-200 m depth at night.  H. longissimus adults have been found living in 
colonies in the sand up to 60 m depth (Smith, 1997).  
 Eighty-two Rhynchoconger flavus (Goode & Bean, 1896) leptocephali were 
collected.  Of the 82 leptocephali, 54 were collected between 0-200 m depth (four during 
the day and 50 at night).  Twenty-two leptocephali were collected between 200-600 m 
depth (seven during the day and 15 at night).  Two leptocephali were collected at night 
between 600-1000 m depth.  One leptocephalus was collected at night between 1000-
1200 m depth.  Two leptocephali were collected between 1200-1500 m depth at night.  R. 
flavus adults are abundant from the GoM through the Caribbean Sea and are found in 
mud or silt living in colonies up to 183 m depth (Fahay, 2007; McEachran and Fechhelm, 
2005).   
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 Fifteen Uroconger syringinus Ginsburg, 1954 leptocephali were collected.  Ten of 
the 15 leptocephali were collected between 0-200 m depth (two during the day and eight 
at night).  The other five leptocephali were collected between 200-600 m depth (one 
during the day and four at night).  U. syringinus adults inhabit the continental slope up to 
384 m depth (Fahay, 2007).   
 Three leptocephali were classified as Ariosoma spp.  Two leptocephali were 
collected between 200-600 m depth during the day and the third leptocephalus was 
collected between 1200-1500 m depth at night.  Three leptocephali identified as 
Congridae were collected between 0-200 m depth at night.  Five leptocephali were 
identified as Paraconger spp. and four were collected at night between 0-200 m depth.  
Another Paraconger spp. leptocephalus was collected between 200-600 m depth during 
the day.   
 
Order Lophiiformes 
Antennariidae – frogfishes 
 
 Two Antennarius radiosus (Garman, 1896) juveniles were collected between 0-
200 m depth (one during the day and one at night).  Both juveniles were collected at night 
between 200-600 m depth.   A. radiosus adults are commonly seen in the GoM perched 
on hard bottom substrate (Pietsch, 1984).  A. radiosus has been seen at depths between 
20-160 m (Fahay, 2007).   
 Two Antennarius striatus (Shaw, 1794) juveniles were collected during the day 
between 0-200 m depth (Fig. 17).  A. striatus adults are seen up to a depth of 219 m and 
can be found perching on a variety of objects (Fahay, 2007).   
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Figure 17.  Antennarius striatus juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 25 mm SL. 
 
 Eleven other juveniles were identified as Antennarius spp.  Eight juveniles were 
collected between 0-200 m depth (one during the day and seven at night).  Two juveniles 
were collected at night between 200-600 m depth and one was collected between 600-
1000 m depth. 
 
Order Beryciformes 
Holocentridae – squirrelfish, soldierfish 
 
 One Myripristis jacobus Cuvier, 1829 juvenile was collected between 0-200 m 
depth during the day.  M. jacobus adults have been seen inhabiting shallow backreefs and 
forereefs at a depth of 10 m (Aguilar-Perera and Appeldoorn, 2008).   
 One Sargocentron vexillarium (Poey, 1860) juvenile was collected between 0-200 
m depth at night.  S. vexillarium adults spend most of their time swimming in mangroves, 
seagrasses, and shallow reefs (Aguilar-Perera and Appeldoorn, 2008).   
 Seven juveniles were identified as Holocentridae.  Six juveniles were collected 
between 0-200 m depth (two during the day and four at night).  The seventh juvenile was 
collected between 200-600 m depth at night.  Two more juveniles were identified as 
Holocentrinae and were collected between 1200-1500 m depth during the day.  One 
juvenile was identified as Holocentrus spp. and was collected between 0-200 m depth at 
night. 
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Order Syngnathiformes 
Fistulariidae – cornetfishes 
 
 Two Fistularia tabacaria Linnaeus, 1758 juveniles were collected during the day 
between 0-200 m depth (Fig. 18).  F. tabacaria adults are found in pelagic waters up to 
200 m depth (Robins and Ray 1986).  F. tabacaria adults are mostly seen swimming over 
grass beds and coral reefs up to 36 m depth (Fahay, 2007). 
 
Figure 18.  Fistularia tabacaria juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 PC10 cruise series.  Specimen is 91 mm SL. 
 
 
Syngnathidae – pipefishes and seahorses 
 
 One juvenile was identified as Syngnathidae and was collected during the day 
between 1200-1500 m depth. 
 
Order Scorpaeniformes 
Scorpaenidae – scorpionfishes or rockfishes 
 
 Two Helicolenus dactylopterus (Delaroche, 1809) juveniles were collected 
between 200-600 m depth (one during the day and one at night).  H. dactylopterus adults 
are often found on mud or sand substrate and can be found up to 682 m depth (Fahay, 
2007).  
 Six Pontinus rathbuni Goode & Bean, 1896 juveniles were collected between 0-
200 m depth (two during the day and four at night).  One juvenile was collected between 
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200-600 m depth at night.  P. rathbuni adults are commonly found in deep shelf and 
slope waters on hard bottoms (Robins and Ray, 1986).   
 Sixteen juveniles were identified as Scorpaenidae.  Twelve of these juveniles 
were collected between 0-200 m depth (eight during the day and four at night).  Two 
more juveniles were collected between 200-600 m depth (one during the day and one at 
night).  Another juvenile was collected between 600-1000 m depth at night.  One more 
juvenile was collected between 1000-1200 m depth during the day.  Scorpaenidae adults 
are found between the sea surface and 2200 m depth (McEachran and Fechhelm, 2005). 
 
Order Perciformes 
Serranidae – sea basses:  groupers and fairy basslets 
 
 Four Anthias nicholsi Firth, 1933 juveniles were collected at night between 0-200 
m depth.  A fifth juvenile was collected during the day between 600-1000 m depth.  A. 
nicholsi adults are found along deep shelf and slope waters over rocky bottoms from 
Virginia to Florida and the Caribbean (Robins and Ray, 1986).   
 Nine Anthias tenuis (Nichols, 1920) juveniles were collected during the day 
between 0-200 m depth.  Another juvenile was collected between 1200-1500 m depth 
during the day.  A. tenuis adults have been seen on deep reefs with many reef-building 
corals in large numbers in the northwestern GoM (Weaver et al., 2006).   
 Three Anthias woodsi Anderson & Heemstra, 1980 juveniles were collected at 
night between 0-200 m depth.  A. woodsi adults are seen off outcroppings and rocky 
drop-offs (Marine Environmental Sciences Consortium of Alabama, 2011).  
 Three Hemanthias aureorubens (Longley, 1935) juveniles were collected between 
0-200 m depth (one during the day and two at night) (Fig. 19).  H. aureorubens adults are 
found demersally up to 610 m depth (Fahay, 2007).   
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Figure 19.  Hemanthias aureorubens juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 PC10 cruise series.  Specimen is 29 mm SL. 
 
 One Hemanthias vivanus (Jordan & Swain, 1885) juvenile was collected at night 
between 200-600 m depth.  H. vivanus adults live in deep waters over the shelf and 
upper-slope over rocky bottoms (Robins and Ray, 1986).   
 Two Liopropoma olneyi Baldwin & Johnson, 2014 juveniles were collected at 
night between 0-200 m depth.  Figure 20 represents the paratype for the original species 
description (Baldwin and Johnson, 2014).  L. olneyi adults are found on rocky slopes and 
ledges and have been seen up to 220 m depth (Baldwin and Johnson, 2014). 
 
Figure 20.  Liopropoma olneyi, VIMS 13590, paratype.  This specimen is 14.7 mm SL.  
Photo by G. David Johnson.  This paratype was described in Baldwin and Johnson (2014) 
and was collected during ONSAP sampling in the northern GoM from the 2011 MS7 
cruise series. 
 
 One Pronotogrammus martinicensis (Guichenot, 1868) juvenile was collected at 
night between 0-200 m depth and the other juvenile was collected at night between 200-
600 m depth (Fig. 21).  P. martinicensis adults are often associated with corals up to 230 
m depth (Fahay, 2007).   
 23 
 
 
Figure 21.  Pronotogrammus martinicensis juvenile collected during ONSAP sampling in 
the northern GoM from the 2011 MS7 cruise series.  Specimen is 19 mm SL. 
 
 One juvenile was identified as Serranus spp. and was collected at night between 
0-200 m depth.  Another juvenile was identified as Anthias spp. and was collected 
between 0-200 m depth at night.  Three juveniles were identified as Hemanthias spp. and 
were all collected at night between 0-200 m depth.  An additional juvenile was identified 
as Liopropoma spp. and was collected during the day between 0-200 m depth.  Six more 
juveniles were identified as Anthiinae.  Five of the six juveniles were collected between 
0-200 m depth (one during the day and three at night).  The sixth juvenile was collected 
between 600-1000 m depth during the day.   Two juveniles were identified as Serranidae.  
One juvenile was collected between 0-200 m depth during the day and the other juvenile 
was collected between 1200-1500 m depth at night.  Serranidae adults are found up to 
200 m depth and even as deep as 500 m (McEachran and Fechhelm, 2005).   
 
Priacanthidae – bigeyes 
 
 One Heteropriacanthus cruentatus (Lacepède, 1801) juvenile was collected at 
night between 0-200 m depth (Fig. 22).  H. cruentatus adults inhabit shallow reefs and 
hide during the day (Lieske and Myers, 2002). 
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Figure 22.  A Heteropriacanthus cruentatus juvenile collected during ONSAP sampling 
in the northern GoM from the 2011 PC10 cruise series.  Specimen is 44 mm SL. 
 
 Two Priacanthus arenatus Cuvier, 1829 juveniles were collected during the day 
between 0-200 m depth.  A third juvenile was collected between 600-1000 m depth at 
night.  P. arenatus adults are found among deep reefs and rocky substrate up to 45 m 
depth from Massachusetts, Bermuda, and northern GoM to Argentina (Lieske and Myers, 
2002; Robins and Ray, 1986).  
 One Pristigenys alta (Gill, 1862) juvenile was collected during the day between 
0-200 m depth.  P. alta adults are found inhabiting deep rocky bottoms up to 200 m depth 
and young can be seen with floating Sargassum spp. (Robins and Ray, 2002). 
 
Apogonidae – cardinalfishes 
 
 One of nine juveniles collected was determined to be Apogon maculatus (Poey, 
1860), the rest were identified as Apogon spp.  All juveniles were collected from 0-200 m 
depth.  The A. maculatus juvenile was collected during the day (Fig. 23).  A. maculatus is 
associated with coral reefs, pilings and seawalls (Fahay, 2007; Robins and Ray, 1986).  
Six Apogon spp. juveniles were collected during the day and two were collected at night.  
Apogonidae adults are found throughout shallow tropical to warm temperate seas 
(McEachran and Fechhelm, 2005). 
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Figure 23.  Apogon maculatus juvenile collected during ONSAP sampling in the northern 
GoM from the 2011 MS7 cruise series.  Specimen is 16 mm SL. 
 
 
Epigonidae – deepwater cardinalfishes 
 
 Four Epigonus pandionis (Goode & Bean, 1881) juveniles were collected.  Two 
of the juveniles were collected between 0-200 m depth at night.  Another juvenile was 
collected between 200-600 m depth at night.  The last juvenile was collected between 
600-1000 m depth during the day.  E. pandionis adults are commonly seen in continental 
slope waters up to 600 m depth (Fahay, 2007).   
 Seven juveniles were classified as Epigonus spp.  All Epigonus spp. juveniles 
were collected between 0-200 m depth (one during the day and six at night).  Five 
juveniles were identified as Epigonidae.  Of those five, one was collected at night 
between 0-200 m depth, three were collected during the day between 200-600 m depth, 
and another juvenile was collected between 1000-1200 m depth during the day.  
Epigonidae adults are found over continental slopes between 75-3700 m depth and 
juveniles are considered mesopelagic (McEachran and Fechhelm, 2005). 
 
Malacanthidae – tilefishes 
 
 One Lopholatilus chamaeleonticeps Goode & Bean, 1879 juvenile was collected 
between 0-200 m depth during the day (Fig. 24).  L. chamaeleonticeps adults can be 
found near the edge of the continental shelf in burrows excavated from sand, silt or mud.  
Adults have been located as deep as 540 m and juveniles are pelagic until settlement 
occurs around 9 to 15 mm SL (Fahay, 2007).   
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Figure 24.  Lopholatilus chamaeleonticeps juvenile collected during ONSAP sampling in 
the northern GoM from the 2011 MS7 cruise series.  Specimen is 7 mm SL. 
 
 Six juveniles were identified as Caulolatilus spp.  All six juveniles were collected 
between 0-200 m depth (five during the day and one at night). 
 
Carangidae – jacks and pompanos 
 
 Two Caranx crysos (Mitchill, 1815) juveniles were collected between 0-200 m 
depth (one during the day and one at night).  C. crysos adults can be seen inhabiting deep 
forereefs between 3-10 m depth (Aguilar-Perera and Appeldoorn, 2008).  C. crysos is a 
schooling fish that occurs in coastal regions and over the continental shelf (Fahay, 2007). 
 Eleven Caranx hippos (Linnaeus, 1766) juveniles were collected.  Four juveniles 
were collected between 0-200 m depth with three of those being collected during the day.  
Between 200-600 m depth, five juveniles were collected at night.  One juvenile was 
collected at night between 600-1000 m depth.  C. hippos adults school within coastal 
waters.  The larvae are known to be pelagic with juveniles returning to the coast (Fahay, 
2007). 
 Six Decapterus tabl Berry, 1968 juveniles were collected between 0-200 m depth 
at night.  D. tabl adults have been collected as deep as 400 m and juveniles have been 
collected near the surface (Berry, 1968).  
 One Selar crumenophthalmus (Bloch, 1793) juvenile was collected between 0-
200 m depth at night.  S. crumenophthalmus is considered a schooling species that occurs 
in coastal waters near reefs (Fahay, 2007). 
 One Selene setapinnis (Mitchill, 1815) juvenile was collected during the day 
between 0-200 m depth.  S. setapinnis juveniles commonly occur in bays and estuaries 
(Fahay, 2007). 
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 Five Trachurus lathami Nichols, 1920 juveniles were collected.  Four of the 
juveniles were collected between 0-200 m depth (two during the day and two at night).  
The fifth juvenile was collected between 200-600 m depth during the day.  T. lathami 
adults occur between 50-90 m depth (Fahay, 2007).   
 Three juveniles were identified as Decapterus spp.  All three juveniles were 
collected between 0-200 m depth and one of those juveniles was collected during the day. 
 Thirty juveniles were identified as Selene spp.  Twenty-six of those juveniles 
were collected between 0-200 m depth (16 during the day and ten at night).  One juvenile 
was collected between 600-1000 m depth at night.  Two juveniles were collected during 
the day between 1000-1200 m depth and one juvenile was collected during the day 
between 1200-1500 m depth. 
 Twenty-eight juveniles were identified as Caranx spp.  Twenty-seven juveniles 
were collected between 0-200 m depth (seven during the day and 20 at night).  One 
juvenile was collected between 200-600 m depth at night.   
 Sixty-eight juveniles were identified as Carangidae.  Forty-six juveniles were 
collected between 0-200 m depth, 23 were collected both day and night.  Nine juveniles 
were collected between 600-1000 m depth (three during the day and six at night).  Four 
juveniles were collected between 1000-1200 m depth (three during the day and one at 
night).  Eight juveniles were collected between 1200-1500 m depth (seven during the day 
and one at night). 
 
Lutjanidae – snappers 
 
 One juvenile Lutjanus campechanus (Poey, 1860) was collected between 1000-
1200 m depth at night (Fig. 25).  L. campechanus adults can be found on rocky substrate 
at a depth up to 190 m.  Juveniles are often found swimming over sand, mud or oyster 
substrate at shallow depths (Fahay, 2007). 
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Figure 25.  Lutjanus campechanus juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 PC12 cruise series.  Specimen is 25 mm SL. 
 
 Eight juvenile Pristipomoides spp. were collected.  Three juveniles were collected 
between 0-200 m depth (one during the day and two at night).  One juvenile was 
collected between 200-600 m depth at night.  Another juvenile was collected between 
1000-1200 m depth at night and three juveniles were collected at night between 1200-
1500 m depth.  
 Six juveniles were identified as Lutjanus spp.  Four of the Lutjanus spp. juveniles 
were collected between 0-200 m depth at night.  Two other juveniles were collected 
between 200-600 m depth at night.  One juvenile Lutjanidae was collected between 0-200 
m depth at night.  Lutjanidae adults have been found on continental slopes and 
continental shelves up to 550 m depth (McEachran and Fechhelm, 2005). 
 
Haemulidae – grunts 
 
 One Haemulidae juvenile was collected between 200-600 m depth at night. 
 
Mullidae – goatfishes 
 
 One juvenile was identified as Mullidae and was collected at night between 0-200 
m depth.  Goatfishes are usually seen swimming over coral reefs in schools or foraging 
through nearby sand (Robins and Ray, 1986). 
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Chaetodontidae – butterflyfishes 
 
 One Chaetodon sedentarius Poey, 1860 juvenile was collected at night between 0-
200 m depth (Fig. 26).  C. sedentarius adults are common on coral reefs up to 92 m depth 
(Lieske and Myers, 2002).   
 
Figure 26.  Chaetodon sedentarius juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 PC9 cruise series.   Specimen is 18 mm SL. 
 
 Three juveniles were classified as Chaetodon spp.  All juveniles were collected 
between 0-200 m depth (one during the day and two at night). 
 Thirteen juveniles were classified as Chaetodontidae.  Nine juveniles were 
collected between 0-200 m depth (two during the day and seven at night).  One juvenile 
was collected at night between 200-600 m depth.  Another juvenile was collected at night 
between 600-1000 m depth.  During the day, one juvenile was collected between 1000-
1200 m depth and one juvenile was collected at night between 1200-1500 m depth. 
 
Pomacanthidae – angelfishes 
 
 Three Centropyge argi Woods & Kanazawa, 1951 juveniles were collected 
between 0-200 m depth (two during the day and one at night) (Fig. 27).  C. argi adults 
can be seen above rocky reef reliefs up to 59 m depth (Schobernd and Sedberry 2009).   
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Figure 27.  Centropyge argi juvenile collected during ONSAP sampling in the northern 
GoM from the 2011 PC9 cruise series.  Specimen is 12 mm SL. 
 
 One Centropyge aurantonotus Burgess, 1974 juvenile was collected between 0-
200 m depth during the day.  C. aurantonotus adults live among corals and sponges 
(Lieske and Myers, 2002). 
 Fifteen juvenile Centropyge spp. were collected.  Fourteen juveniles were 
collected between 0-200 m depth (seven during the day and seven at night).  Another 
juvenile was collected between 1000-1200 m depth during the day. 
 Pomacanthidae adults are typically found in shallower waters up to 50 m depth 
(McEachran and Fechhelm, 2005). 
 
Pomacentridae – damselfishes 
 
 Four Chromis cyanea (Poey, 1860) juveniles were collected between 0-200 m 
depth (one during the day and three at night).  C. cyanea adults are commonly seen 
inhabiting deep forereefs, deep backreefs, as well as shallow backreefs up to 10 m depth 
from Bermuda, Florida, Bahamas, Texas and Venezuela (Robins and Ray, 1986; Aguilar-
Perera and Appeldoorn, 2008).   
 One juvenile was identified as Pomacentridae and was collected between 1200-
1500 m depth at night.  Another juvenile was collected at night between 0-200 m depth 
and was identified as Stegastes spp. 
 
Labridae – wrasses 
 
 One Thalassoma bifasciatum (Bloch, 1791) juvenile was collected between 1200-
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1500 m depth at night (Fig. 28).  T. bifasciatum adults are common on reefs and seagrass 
beds (Robins and Ray, 1986).   
 
Figure 28.  Thalassoma bifasciatum juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 10 mm SL. 
 
 One juvenile was identified as Labridae and was collected between 1000-1200 m 
depth during the day.  Another juvenile was identified as Xyrichtys spp. and was collected 
between 200-600 m depth at night.   
 
Callionymidae – dragonets 
 
 Three juveniles were collected and identified as Callionymidae, Foetorepus spp., 
and Paradiplogrammus spp.  Callionymidae and Paradiplogrammus spp. were collected 
between 200-600 m depth during the day and Foetorepus spp. was collected at night 
between 0-200 m depth. 
 
Acanthuridae - surgeonfishes, tangs, unicornfishes 
 
 Eighty-two juvenile Acanthurus spp. were collected.  Seventy-five juveniles were 
collected between 0-200 m depth.  Two individuals were collected between 600-1000 m 
depth.  Four juveniles were collected between 1000-1200 m depth and one individual was 
collected between 1200-1500 m depth.   Exact species identification of juvenile 
Acanthurus proved problematic given the current state of early life stage taxonomy, and 
more work is needed in this area. Three species are known to commonly occur in the 
northern GoM.  Acanthurus coeruleus Bloch & Schneider, 1801 are frequently seen on 
shallow reefs above coral heads and gorgonians.  Acanthurus bahianus Castelnau, 1855 
swim amongst corals and gorgonians in shallow waters (Longley and Hildebrand 1941).  
According to Nagelkerken et al. (2000), A. bahianus juveniles are associated with 
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shallow reefs up to 25 m depth.  Acanthuridae adults are typically associated with reefs 
up to 100 m depth (McEachran and Fechhelm, 2005). 
 
Order Tetraodontiformes 
Balistidae – triggerfishes 
 
 Two Balistes capriscus Gmelin, 1789 juveniles were collected between 0-200 m 
depth.  One of these juveniles was collected during the day and another was collected at 
night (Fig. 29).  One juvenile was identified as Balistes spp. and was collected during the 
day between 0-200 m depth.  B. capriscus is found over hard bottoms and reefs in small 
groups or as solitary individuals (Goodson, 1976).  According to Fahay (2007), B. 
capriscus adults have been recorded to a depth of 106 m and juveniles are considered 
pelagic.   
 
Figure 29.  Balistes capriscus juvenile collected during ONSAP sampling in the northern 
GoM from the 2011 PC10 cruise series.  Specimen is 26 mm SL. 
 
 One juvenile Canthidermis maculata (Bloch, 1786) was collected between 1200-
1500 m depth during the day (Fig. 30).  C. maculata is commonly seen in surface waters 
associated with floating items (Fahay, 2007).   
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Figure 30.  Canthidermis maculata juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 34 mm SL. 
 
 One Xanthichthys ringens (Linnaeus, 1758) juvenile was collected at night 
between 0-200 m depth (Fig. 31).  X. ringens juveniles are associated with floating 
Sargassum spp., while adults can be seen on reefs up to 30 m depth (Goodson, 1976). 
 
Figure 31.  Xanthichthys ringens juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 PC10 cruise series.  Specimen is 52 mm SL. 
 
Monacanthidae – filefishes 
 
 Three Cantherhines pullus (Ranzani, 1842) juveniles were collected between 0-
200 m depth (one during the day and two at night) (Fig. 32).  C. pullus adults are found 
on coral reefs up to 50 m depth.  C. pullus usually hide among gorgonians and other 
branching corals (Lieske and Myers, 2002).   
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Figure 32.  Cantherhines pullus juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 PC9 cruise series.  Specimen is 52 mm SL. 
 
 Four Monacanthus ciliatus (Mitchill, 1818) juveniles were collected between 0-
200 m depth (three during the day and one at night) (Fig. 33).  M. ciliatus adults are 
commonly seen in coral reef assemblages, seagrass beds, and turtle grass from 
Newfoundland to Bermuda, Florida, and the GoM (Goodson, 1976; Weinstein and Heck, 
1979).   
 
Figure 33.  Monacanthus ciliatus juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 PC10 cruise series.  Specimen is 26 mm SL. 
 
 Two Stephanolepis hispidus (Linnaeus, 1766) juveniles were collected.  One 
juvenile was collected between 200-600 m depth during the day and the other juvenile 
was collected between 600-1000 m depth at night (Fig. 34).  S. hispidus adults can be 
seen on mud and seagrass beds of coastal reefs, while juveniles are pelagic and often 
associated with Sargassum spp. (Lieske and Myers, 2002; Fahay, 2007).   
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Figure 34.  Stephanolepis hispidus juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 PC9 cruise series.  Specimen is 74 mm SL. 
 
 Four Stephanolepis setifer (Bennett, 1831) juveniles were collected between 0-
200 m depth (one during the day and three at night).  S. setifer adults are common in 
lagoons and seagrass beds (Lieske and Myers, 2002).   
 One juvenile was identified as Aluterus spp.  This juvenile was collected between 
200-600 m depth at night.  Four juveniles were identified as Cantherhines spp.  All were 
collected between 0-200 m depth (two during the day and two at night).  Another juvenile 
was identified as Monacanthidae and was collected between 0-200 m depth during the 
day. 
 
Ostraciidae – boxfishes 
 
 One juvenile was identified as Ostraciidae and was collected between 1200-1500 
m depth during the day. 
 
Tetraodontidae – puffers 
 
 One Canthigaster jamestyleri Moura & Castro, 2002 juvenile was collected 
between 0-200 m depth at night (Fig. 35).  C. jamestyleri adults are restricted to depths 
greater than 100 m (Moura and Castro 2002).   
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Figure 35.  Canthigaster jamestyleri juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 20 mm SL. 
 
 Five juveniles were identified as Lagocephalus spp.  Four of the five juveniles 
were collected between 0-200 m depth (one during the day and three at night).  One other 
juvenile was collected between 1000-1200 m depth at night. 
 Eight juveniles were identified as Sphoeroides spp.  Six of the eight juveniles 
were collected between 0-200 m depth (four during the day and two at night).  One 
juvenile was collected between 1000-1200 m depth at night and a second juvenile was 
collected between 1200-1500 m depth during the day. 
 One hundred fifteen juveniles were identified as Canthigaster spp.  One hundred 
individuals were collected between 0-200 m depth (61 during the day and 39 at night).  
Six juveniles were collected between 200-600 m depth (three during the day and three at 
night).  Two juveniles were collected between 600-1000 m depth at night.  Three 
juveniles were collected between 1000-1200 m depth (one during the day and two at 
night).  Four juveniles were collected between 1200-1500 m depth (two during the day 
and two at night).  Canthigaster spp. adults prefer coral reefs up to 35 m depth, as well as 
seagrass beds (Moura and Castro, 2002).   
 
Diodontidae – porcupinefishes 
 
 One Chilomycterus reticulatus (Linnaeus, 1758) juvenile was collected during the 
day between 0-200 m depth (Fig. 36).  C. reticulatus adults are often found on rocky 
substrate and coral reefs while juveniles are considered pelagic (Lieske and Myers, 
2002).   
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Figure 36.  Chilomycterus reticulatus juvenile collected during ONSAP sampling in the 
northern GoM from the 2011 MS7 cruise series.  Specimen is 20 mm SL. 
 
 One juvenile was classified as Chilomycterus spp. and was collected between 0-
200 m depth during the day. 
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3.1.2. Faunal composition as a function of depth.  
 In addition to examining the ichthyofaunal composition of the northern GoM, 
species richness of samples as a function of depth and solar cycle (Table 2) was assessed.  
The cumulative species number from all samples collected both day and night for each 
stratum was also determined.  Between 0-200 m depth, 63 species were collected during 
the day and 79 species were collected at night with 101 total species collected for the 
depth stratum.  The most abundant taxa were Canthigaster spp., Carangidae, 
Rhynchoconger flavus, and Acanthurus spp.  Between 200-600 m depth, 18 species were 
collected during the day and 22 species were collected at night with 34 total species 
collected for the depth stratum.  The most abundant taxa collected in this depth stratum 
were Rhynchoconger flavus and Canthigaster spp.  Between 600-1000 m depth, six 
species were collected during the day and 12 species were collected at night with 17 total 
species collected for the depth stratum.  The most abundant taxon within this depth 
stratum was Carangidae.  Between 1000-1200 m depth, 11 species were collected during 
the day and nine species were collected at night with 17 total species collected for the 
depth stratum.  The most abundant taxa were Acanthurus spp. and Carangidae.  Between 
1200-1500 m depth, nine species were collected during the day and 15 species were 
collected at night with 17 total species collected for the depth stratum.  Carangidae, 
Canthigaster spp. and Rhynchoconger flavus were the most abundant reef fish taxa 
collected.  Species richness decreased with depth and was greater at night than during the 
day. 
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Table 2.  Species richness as a function of depth and solar cycle with the sum of volume 
filtered for each depth stratum.  Species richness (S).  No. of Indiv. = total number of reef 
fish individuals collected from each depth stratum.  V = sum of the volume filtered per 
depth stratum. 
Depth Zone Solar 
Cycle S No. of Indiv. V (m3) 
0-200 m 
Day 63 272 906323.4 
Night 79 393 964496.5 
200-600 m 
Day 18 34 2165892.1 
Night 22 48 2476442.7 
600-1000 m 
Day 6 8 1865506.9 
Night 12 20 2166800.2 
1000-1200 m 
Day 11 16 805518 
Night 9 11 892307.6 
1200-1500 m 
Day 9 17 1110946.1 
Night 15 19 1151928 
  
 The four families that were collected in all depths included Congridae, 
Carangidae, Tetraodontidae, and Acanthuridae.  Congridae leptocephali represented the 
highest percentage of reef fishes, with Rhynchoconger flavus leptocephali accounting for 
19.0% of the reef fish ichthyofaunal composition across all depth strata.  Carangidae 
accounted for 18.5% of the assemblage.  Carangidae comprised Carangidae-unidentified 
(43%), Caranx sp. (28%), Selene sp. (20%), Decapterus sp. (6%) and Trachurus lathami 
(3%).  Tetraodontidae represented 15.4% of the reef fish ichthyofaunal composition.  Of 
that, 90% belonged to the genus Canthigaster, 6% to Sphoeroides, and 4% to 
Lagocephalus.  All specimens of Acanthuridae were identified as Acanthurus spp. and 
accounted for 9.8% of the reef fish ichthyofaunal composition.  These four families, plus 
17 more (Fig. 37) represented 98% of the reef fish specimens collected from all depths.  
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Figure 37.  The dominant (98% of total) reef fishes listed by family collected from all 
depths during the 2011 MS7 cruise series. 
 
 
3.2. Vertical distribution. 
The four most abundant taxa were analyzed with respect to their vertical 
distribution in the water column.  Standardized abundance for the dominant taxa was 
calculated by summing the number of individuals collected in each depth stratum (0-200 
m, 200-600 m, 600-1000 m, 1000-1200 m, and 1200-1500 m) during both day and night 
and dividing this sum by the sum of the volume of water filtered for each depth stratum.  
The standardized abundance results are presented as number per ten thousand cubic 
meters (No. 10-5m-3) for readability. 
 Eighty-two Rhynchoconger flavus leptocephali were collected on the MS7 cruise 
series.  R. flavus leptocephali were most abundant in the top 200 m and were collected in 
higher numbers at night (Fig. 38).  R. flavus leptocephali were not collected during the 
day below 600 m depth.  However, R. flavus leptocephali were collected in all depths 
during the night, including 1000-1500 m. 
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Figure 38.  Rhynchoconger flavus leptocephali vertical distribution in the northern Gulf 
of Mexico. 
 
 A total of 155 individuals of Carangidae were collected from all depths.  
Carangidae juveniles were most abundant in the top 200 m, with more individuals 
collected at night than during the day (Fig. 39).  Carangidae had the greatest number of 
juveniles collected at depth of the four main taxa, with individuals being collected at 
night from 0-1000 m and 1000-1500 m during the day. 
 
Figure 39.  Carangidae juvenile vertical distribution in the northern Gulf of Mexico. 
 
 One hundred sixteen Canthigaster spp. juveniles were collected on the MS7 
cruise series.  Canthigaster spp. juveniles were most abundant within the top 200 m (Fig. 
40) and collected in higher numbers during the day.  Individuals were collected between 
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0-1500 m depth during the day with the exception of the depth stratum between 600-1000 
m.     
 
Figure 40.  Canthigaster spp. juvenile vertical distribution in the northern Gulf of 
Mexico. 
 
  Eighty-two Acanthurus spp. juveniles were collected on the MS7 cruise series.  
Acanthurus spp. juveniles were collected in greater numbers at night within the top 200 
m (Fig. 41), but were not collected between 200-600 m depth during either day or night.  
Individuals were collected at night between 600-1500 m depth and during the day 
between 1000-1200 m depth.   
 
Figure 41.  Acanthurus spp. juvenile vertical distribution in the northern Gulf of Mexico. 
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 The size distribution of the four most abundant taxa were also assessed.  The 
length data of Rhynchoconger flavus, Canthigaster spp., Carangidae, and Acanthurus 
spp. are presented below (Fig. 42). 
 
Figure 42.  Size distribution of the four most abundant taxa with respect to depth of 
occurrence. 
 
 
3.3. Frequency of occurrence. 
 
 Frequency of occurrence was calculated in order to determine the percent of 
samples that contained a given taxon for a particular stratum and solar cycle.  Between 0-
200 m depth, Congridae leptocephali were collected in over 70% of the night samples 
(Fig. 43).  Carangidae juveniles were collected in half of all the samples, while 
Tetraodontidae juveniles were collected in half of the day samples. 
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Figure 43.  Percent frequency of occurrence of reef fishes collected between 0-200 m 
depth in the northern Gulf of Mexico. 
  
 A third of all day samples collected between 200-600 m depth contained 
Congridae leptocephali (Fig. 44). 
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Figure 44.  Percent frequency of occurrence of reef fishes collected between 200-600 m 
depth in the northern Gulf of Mexico. 
 
 Over 20 percent of night samples collected between 600-1000 m depth contained 
Carangidae juveniles (Fig. 45). 
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Figure 45.  Percent frequency of occurrence of reef fishes collected between 600-1000 m 
depth in the northern Gulf of Mexico. 
 
 Tetraodontidae juveniles were collected in about one out of seven night samples 
between 1000-1200 m depth, while Carangidae and Acanthuridae juveniles were 
collected in nearly one out of ten day samples (Fig. 46). 
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Figure 46.  Percent frequency of occurrence of reef fishes collected between 1000-1200 
m depth in the northern Gulf of Mexico. 
  
 One out of eight samples contained individuals of Carangidae, Congridae, 
Muraenidae, and Tetraodontidae between 1200-1500 m depth (Fig. 47). 
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Figure 47.  Percent frequency of occurrence of reef fishes collected between 1200-1500 
m depth in the northern Gulf of Mexico. 
 
3.4. Biomass. 
Specimens were originally fixed in 10% (v/v) formalin: seawater at sea, and 
remained in formalin until further identification in the lab.  Some specimens were 
removed from formalin and stored in 70% ethanol for further identification by specialists.  
Since there were specimens with only post-formalin weights and other specimens with 
only post-ethanol weights, a regression equation (Fig. 48) was generated to calculate 
missing post-ethanol weights.  The equation was y = 0.8366x, with y = ethanol weight 
and x = formalin weight (R2 = 0.99), when the intercept was set to zero.  The cumulative 
post-ethanol weights for each taxon were divided by the volume filtered for each station 
and depth stratum to calculate standardized biomass.  
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Figure 48.  Linear regression of specimen weights after sequential formalin and ethanol 
preservation.   
 
 The vertical distribution of biomass of pelagic juvenile reef fishes (Fig. 49) was 
small compared to the vertical distribution of biomass of all fishes (Fig. 50) collected 
during the MS7 cruise series.  The biomass of pelagic juvenile reef fishes was greatest 
between 0-200 m depth, especially at night.  However, between 200-1500 m depth, the 
biomass of pelagic juvenile reef fishes collected was drastically smaller than the biomass 
collected in the top 200 m. 
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Figure 49.  Vertical distribution of biomass for pelagic juvenile reef fishes collected in 
the northern Gulf of Mexico during the 2011 MS7 cruise series. 
 
 
Figure 50.  Vertical distribution of biomass of all fishes collected in the northern Gulf of 
Mexico during the 2011 MS7 cruise series. 
 
 Decapterus tabl juveniles contributed the most biomass (1.4 g 10-8 m-3), followed 
by Rhynchoconger flavus leptocephali (8.0 g 10-9 m-3), and Ariosoma balearicum 
leptocephali (7.0 g 10-9 m-3).  During the day, Canthigaster spp. juveniles contributed the 
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greatest biomass (1.9 g 10-9 m-3), followed by Ariosoma balearicum leptocephali (1.8 g 
10-9 m-3) and Cantherhines pullus juveniles (1.1 g 10-9 m-3). 
 Between 200-600 m depth, the biomass of pelagic juvenile reef fishes collected 
was greater at night.  Rhynchoconger flavus leptocephali had the greatest biomass (2.0 g 
10-9 m-3), followed by Uroconger syringinus leptocephali (6.0 g 10-10 m-3), and 
Antennarius radiosus juveniles (2.0 g 10-10 m-3).  During the day, Rhynchoconger flavus 
leptocephali contributed the greatest biomass (8.0 g 10-10 m-3), followed by Ariosoma 
balearicum leptocephali (6.0 g 10-10 m-3), and Ariosoma sp. leptocephali (3.0 g 10-9 m-3). 
 Between 600-1000 m depth, the biomass of pelagic juvenile reef fishes collected 
was greater during the day.  Epigonus pandionis juveniles contributed to the greatest 
biomass at this depth (1.0 g 10-9 m-3), followed by Ahlia egmontis leptocephali (2.0 g 10-
10 m-3), and Anthiinae juveniles (1.0 g 10-11 m-3).  At night, Rhynchoconger flavus 
leptocephali had the greatest biomass (1.0 g 10-10 m-3), followed by Antennarius sp. 
juveniles (9.0 g 10-11 m-3), and Carangidae juveniles (2.0 g 10-11 m-3). 
 The biomass of pelagic juvenile reef fishes collected between 1000-1200 m depth 
was greatest during the day.  Myrophis punctatus leptocephali contributed the greatest 
biomass (6.0 g 10-10 m-3), followed by Centropyge sp. juveniles (1.0 g 10-10 m-3), and 
Acanthurus spp. juveniles (4.0 g 10-11 m-3).  At night, Rhynchoconger flavus leptocephali 
had the greatest biomass (4.0 g 10-10 m-3), followed by Gymnothorax vicinus leptocephali 
(3.0 g 10-11 m-3), and Carangidae juveniles (1.0 g 10-11 m-3). 
 The biomass of pelagic juvenile reef fishes collected between 1200-1500 m depth 
was greatest at night.  Rhynchoconger flavus leptocephali contributed the greatest 
biomass (2.0 g 10-10 m-3), followed by Ariosoma balearicum leptocephali (1.0 g 10-10 m-
3), and Chilorhinus suensonii leptocephali (8.0 g 10-11 m-3).  During the day, Canthigaster 
spp. juveniles had the greatest biomass (4.0 g 10-11 m-3), followed by Carangidae 
juveniles (2.0 g 10-11 m-3), and Ostraciidae juveniles (1.0 g 10-11 m-3). 
 Across all depth strata, eel leptocephali had the greatest biomass (2.0 g 10-10 m-3), 
followed by Carangidae juveniles (1.0 g 10-10 m-3), Rhynchoconger flavus (9.0 g 10-11 m-
3), Canthigaster spp. (2.0 g 10-11 m-3), and Acanthurus spp. (8.0 g 10-12 m-3). 
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3.5. Multivariate community analysis. 
 Cluster analysis (Fig. 51) revealed 13 assemblages of all fishes, including reef 
fishes, which were also apparent when MDS points were grouped at 20.75% similarity.  
The 2-dimensional MDS ordination plot of all fish species, including reef fishes, revealed 
a tightly-grouped cluster of night stations (Fig. 52).  All other day stations were loosely 
assembled around this night cluster. 
Figure 51.  Cluster analysis results for all fish species, including reef fishes, collected 
both day and night within the top 200 m. 
 
 
Figure 52.  2-dimensional MDS ordination plot of all fish species, including reef fishes, 
collected both day and night in the upper 200 m.  Cluster analysis overlay is based on a 
20.75% similarity. 
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 Ordination by non-metric MDS was used with a species × station matrix after a 
square root transformation was performed to look for assemblages of pelagic juvenile 
reef fishes collected in the top 200 m during the day and at night (Fig. 54).  A cluster 
analysis (Fig. 53) revealed that there were two assemblages.  Cluster 2 contained the 
stations SE-2D and B064N.  Both stations had only eight fish specimens and both 
contained Carangidae juveniles.  The other assemblage, Cluster 1 consisted of various 
species of reef fishes without one family dominating the rest in relation to solar cycle.   
 
Figure 53.  SIMPROF test depicting two assemblages for reef fishes collected both day 
and night within the top 200 m. 
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Figure 54.  2-dimensional MDS ordination plot of reef fish species collected both day and 
night in the upper 200 m.  Cluster analysis overlay is based on 1% similarity. 
 
 
 MDS ordination of pelagic juvenile reef fish-only data between 0-200 m did not 
reveal associations between specific reef fishes and specific water masses (Fig. 55).  
Cluster analysis indicated two assemblages with a 1% similarity level.  An ANOSIM test 
revealed that the water mass factor was not important (global R = 0.131, p < 0.6%), and 
thus the null hypothesis (no differences between groups) could not be rejected. 
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Figure 55.  MDS ordination plot of samples containing reef fishes collected in various 
water masses between 0-200 m.  Cluster overlay is based on 1% similarity. Water mass 
designations are as described in text. 
 
 
 
4. DISCUSSION 
4.1. Ichthyofaunal composition. 
 The northern GoM during spring/early summer 2011 contained a diverse array of 
pelagic juvenile reef fishes.  A total of 119 reef fish species were identified.  Belyanina 
(1975) found the following reef fish families to be abundant in the top 100 m as larvae in 
the GoM and Caribbean Sea:  Labridae, Pomacentridae, Acanthuridae, Chaetodontidae, 
Scorpaenidae, Callionymidae, and Serranidae.  Depth and geographic distributions of 
adults of these families are well known (e.g., McEachran and Fechhelm, 2005).  
Information on juveniles of these families, on the other hand, is quite limited with respect 
to habitat utilization in the pelagic GoM, and that which exists is primarily confined to 
the pelagic waters over the continental shelf. 
 The range of vertical distribution of pelagic juvenile reef fishes was small 
compared to the vertical distribution of all fishes collected during the MS7 cruise series.  
Biomass drastically decreased with depth due to fewer specimens being collected.  The 
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2D Stress: 0.17
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biomass of pelagic juvenile reef fishes was greatest between 0-200 m depth, especially at 
night.  During the day, pelagic juvenile reef fishes accounted for one out of four fishes 
collected.  At night, this number was roughly one out of 20 due to the influx of diel 
vertical migrators, such as dragonfishes and myctophids, entering the top 200 m to feed.  
The diel vertical migrating influx caused the biomass for all fishes to greatly increase at 
night, while reducing the relative pelagic juvenile reef fish biomass. 
  Many reef fish larvae inflate their gas bladders at night when they are no longer 
actively swimming or feeding (Leis and Rennis, 1983; Leis and Trnski, 1989).  When 
reef fish larvae inflate their gas bladders, they are drifting instead of swimming, thus 
conserving energy (Hunter and Sanchez, 1976).  If larvae cease swimming at night, then 
they might disperse vertically throughout the water column (Leis, 1991).  Pelagic juvenile 
reef fishes may have been collected more frequently in the top 200 m at night than during 
the day because they were unable to avoid the net.  Pelagic juvenile reef fishes may be 
actively avoiding the net during the day because they can see it coming and swim out of 
the way. 
 Pelagic juvenile reef fishes were collected throughout the water column, even at 
the maximum sampling depth for this cruise series.  Between 1200-1500 m depth, one out 
of eight samples contained Carangidae, Congridae, Muraenidae, and Tetraodontidae 
juveniles.  Pelagic juvenile reef fishes would not seem to be physiologically adapted to 
survive in the bathypelagic environment.  However, pelagic juvenile reef fishes collected 
below 200 m depth did not appear to be settling because there was no relationship 
between the length of pelagic juvenile reef fishes and depth.  In fact, smaller individuals 
were collected at depth versus in shallow waters.   
 
4.2. Horizontal Distribution. 
 Leis (1991) suggested that there are five factors affecting the horizontal 
distribution of pelagic juvenile reef fishes.  The first involves spawning activities of the 
adults, the second is hydrographic structure and its interaction with the reef topography, 
the third is the duration of the pelagic phase for a particular species, the fourth is the 
behavior of the larvae, and the fifth involves mortality and growth of the larvae. 
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 The advantages of having a pelagic larval phase include predator avoidance, 
settlement in non-inundated habitat, and increased likelihood of locating patchy coral 
reefs.  Benthic habitats contain numerous predatory fishes and invertebrates that prey on 
larval fishes remaining near adult habitat.  Reef fishes may benefit from having a pelagic 
larval phase because larvae are dispersed away from unsuitable habitat that is 
overcrowded with adult conspecifics, as well as providing a means to settle on reefs that 
are scattered over great distances (Helfman et al., 2009).  Bourret et al. (1979) proposed 
the idea that the pelagic larval phase of a reef fish is beneficial because larvae conserve 
energy while drifting in open ocean currents versus fighting strong tidal currents near 
reefs. 
 Pelagic juvenile reef fishes have been reported to prolong their settlement from a 
few days up to a few weeks.  Pelagic juvenile reef fishes have been seen settling onto 
reefs and reentering the water column after initial settlement (Leis, 1991).  Reasons for 
this behavior may include pressures from increased predation, as well as overcrowding of 
conspecific adults and other juveniles (Victor, 1983).  Overall, the abundance and 
distribution patterns of new recruitments may be affected (Kaufman, 1992). 
 Kingsford et al. (1991) found pelagic juvenile reef fishes in higher abundance 
along fronts and convergences connected with hydrographic interactions and reef 
topography.  Stobutzki and Bellwood (1997) determined that late pelagic phase reef 
fishes, such as Acanthuridae juveniles, were capable of swimming great distances.  
Fronts and convergence zones may allow pelagic juvenile reef fishes to maintain a 
vertical position near the surface, aiding their reefward return.  Paris and Cowen (2004) 
observed reef fish larvae actively positioning themselves toward currents and reefs, while 
remaining vertically situated within the water column in order to stay within particular 
water masses.  Leis (1991) described that these hydrographic features may concentrate 
food sources, which would in turn affect pelagic juvenile reef fish growth and survival.  
Fronts and convergence zones concentrate debris and other floating objects.  Pelagic 
juvenile reef fishes utilize floating objects as habitat in the open ocean.  In addition to 
using floating objects as refuge, sources of food such as invertebrates and smaller fishes 
also congregate among floating debris, which may make the open ocean a suitable 
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nursery for pelagic juvenile reef fishes if they are fortunate enough to encounter such 
sites.  Although the Loop Current is nutrient-poor, cyclonic eddies are responsible for 
bringing deep-sea nutrients into the upper water column, thereby increasing productivity 
within cross-margin flow (Jochens and DiMarco, 2008).  Higher primary productivity 
increases zooplankton stocks (Wormuth et al., 2000) and supplies food resources to 
pelagic juvenile reef fishes in the GoM, 
 In summary, the epipelagic of the GoM contains a highly speciose pelagic 
juvenile reef fish fauna where one out of every six species collected between 0-1500 m is 
a reef fish.  Species richness, biomass, and frequency of occurrence of pelagic juvenile 
reef fishes was greatest in the top 200 m and decreased at depth.  The dominant families 
were Congridae, Carangidae, Tetraodontidae, and Acanthuridae.  Seventy-nine percent of 
the pelagic juvenile reef fishes were collected in the epipelagic, which constitutes two 
distinct environments - one during the day in which juvenile reef fishes are a major 
component, and one at night in which relative abundance is reduced due to the nightly 
influx of diel vertical migrators.  
 The Loop Current and its associated hydrographic features, as well as wind stress, 
are responsible for widely distributing pelagic juvenile reef fishes horizontally within the 
top 200 m of the northern GoM.  The data from this study indicated that there was no 
recurrent spatial structure of pelagic juvenile reef fish distribution within specific water 
masses in the northern GoM.  The pelagic juvenile reef fish offshore community was well 
mixed and diverse and may use cross-margin flow (Fig. 56) as suggested by Jochens and 
DiMarco (2008) as a transport mechanism back to the coastal environment.  Offshore 
cross-margin flow would transport eggs and larvae out into the open ocean where they 
develop and transform into juveniles under lessened predation pressure.  Pelagic juvenile 
reef fishes could then utilize onshore cross-margin flow as a transport mechanism to 
return to continental shelf reefs.  The flow from the continental shelf into the oceanic 
waters and vice versa provides connectivity between the two ecosystems. Returning 
pelagic juvenile reef fishes would almost certainly increase the resiliency of inshore 
communities through new recruits and by constantly mixing the gene pool of coastal reef 
fish assemblages. 
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Figure 56.  HYCOM model depicting offshore and onshore cross-margin flow in the 
northern GoM during the 2011 MS7 cruise series. 
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6. APPENDIX 
 
Table 1.  MS7 station and trawl information.  Sample ID code = station name.  Depth 
code 5 (0-200 m); 4 (200-600 m); 3 (600-1000 m); 2 (1000-1200 m); 1 (1200-1500 m).  
Solar cycle = Day (D) and Night (N). 
Date Sample 
ID code 
Latitude 
(°N) 
Longitude 
(°W) 
Upper 
depth (m) 
Bottom 
depth (m) 
Depth 
code 
Solar 
cycle 
20-Apr B001 28.967 -87.966 1000 1182 2 N 
20-Apr B001 28.962 -87.962 600 1000 3 N 
20-Apr B001 28.946 -87.954 201 600 4 N 
21-Apr B001 28.910 -87.897 200 602 4 D 
21-Apr B001 28.890 -87.860 0 200 5 D 
21-Apr B001 28.907 -87.934 6 201 5 N 
21-Apr B175 28.991 -87.500 1201 1502 1 N 
22-Apr B175 28.954 -87.519 1200 1500 1 D 
22-Apr B175 28.923 -87.532 1002 1200 2 D 
22-Apr B175 28.960 -87.504 1002 1201 2 N 
22-Apr B175 28.939 -87.513 596 1002 3 N 
22-Apr B252 28.490 -87.512 999 1503 1a N 
23-Apr B252 28.498 -87.475 996 1501 1a D 
23-Apr B252 28.462 -87.440 600 996 3 D 
23-Apr B252 28.438 -87.423 200 600 4 D 
23-Apr B252 28.412 -87.405 0 200 5 D 
23-Apr B252 28.443 -87.499 601 999 3 N 
23-Apr B252 28.412 -87.480 202 601 4 N 
23-Apr B252 28.382 -87.457 0 202 5 N 
24-Apr B003 28.008 -87.026 1001 1499 1a N 
24-Apr B080 28.452 -86.955 0 200 5 D 
24-Apr B080 28.414 -86.975 0 199 5 N 
25-Apr B003 27.988 -86.982 1001 1500 1a D 
25-Apr B003 27.959 -86.925 601 1001 3 D 
25-Apr B003 27.930 -86.880 200 601 4 D 
25-Apr B003 27.895 -86.834 0 200 5 D 
25-Apr B003 27.966 -86.980 598 1001 3 N 
25-Apr B003 27.928 -86.943 200 598 4 N 
25-Apr B003 27.899 -86.916 10 200 5 N 
25-Apr B287 27.952 -87.512 1000 1499 1a N 
26-Apr B287 27.968 -87.479 998 1501 1a D 
26-Apr B287 27.914 -87.440 601 998 3 D 
26-Apr B287 27.872 -87.430 200 601 4 D 
26-Apr B287 27.825 -87.428 0 200 5 D 
26-Apr B287 27.911 -87.508 600 1000 3 N 
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Date Sample 
ID code 
Latitude 
(°N) 
Longitude 
(°W) 
Upper 
depth (m) 
Bottom 
depth (m) 
Depth 
code 
Solar 
cycle 
26-Apr B287 27.874 -87.479 201 600 4 N 
26-Apr B287 27.829 -87.455 0 201 5 N 
4-May B251 28.456 -88.542 1202 1400 1 N 
5-May B081 28.500 -87.990 1201 1501 1 N 
5-May B081 28.498 -87.957 999 1201 2 N 
5-May B251 28.484 -88.538 1203 1403 1 D 
5-May B251 28.500 -88.517 1001 1203 2 D 
5-May B251 28.513 -88.492 600 1001 3 D 
5-May B251 28.539 -88.427 200 600 4 D 
5-May B251 28.552 -88.389 0 200 5 D 
5-May B251 28.481 -88.527 1001 1202 2 N 
5-May B251 28.500 -88.509 599 1001 3 N 
5-May B251 28.551 -88.472 199 599 4 N 
5-May B251 28.582 -88.460 0 199 5 N 
6-May B081 28.509 -88.022 1200 1501 1 D 
6-May B081 28.535 -88.009 1000 1200 2 D 
6-May B081 28.549 -88.002 601 1000 3 D 
6-May B081 28.583 -87.989 200 601 4 D 
6-May B081 28.623 -87.972 0 200 5 D 
6-May B081 28.496 -87.938 600 999 3 N 
6-May B081 28.490 -87.882 199 600 4 N 
6-May B081 28.485 -87.826 0 199 5 N 
6-May B082 27.986 -88.034 1200 1501 1 N 
7-May B082 28.006 -87.984 1000 1200 2 D 
7-May B082 28.010 -88.010 600 1000 3 D 
7-May B082 28.018 -88.073 197 600 4 D 
7-May B082 28.020 -88.122 0 197 5 D 
7-May B082 27.969 -88.069 1000 1200 2 N 
7-May B082 27.962 -88.086 600 1000 3 N 
7-May B082 27.947 -88.113 201 600 4 N 
7-May B082 27.930 -88.142 0 201 5 N 
8-May B250 27.993 -88.509 1200 1500 1 D 
8-May B250 27.983 -88.541 994 1200 2 D 
8-May B250 27.975 -88.565 601 994 3 D 
8-May B250 27.963 -88.616 365 601 4a D 
8-May B250 27.928 -88.613 1201 1501 1 N 
9-May B249 27.688 -88.577 1197 1501 1 D 
9-May B249 27.642 -88.584 1000 1197 2 D 
9-May B249 27.624 -88.584 601 1000 3 D 
9-May B249 27.579 -88.589 200 601 4 D 
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Date Sample 
ID code 
Latitude 
(°N) 
Longitude 
(°W) 
Upper 
depth (m) 
Bottom 
depth (m) 
Depth 
code 
Solar 
cycle 
9-May B249 27.540 -88.602 0 200 5 D 
9-May B249 27.496 -88.488 1200 1500 1 N 
9-May B250 27.901 -88.647 1001 1201 2 N 
9-May B250 27.881 -88.670 600 1001 3 N 
9-May B250 27.854 -88.714 164 600 4 N 
9-May B250 27.817 -88.755 0 164 5 N 
10-May B064 27.486 -88.982 1200 1500 1 D 
10-May B064 27.458 -88.979 1000 1200 2 D 
10-May B064 27.504 -88.989 1201 1501 1 N 
10-May B249 27.440 -88.508 1001 1200 2 N 
10-May B249 27.414 -88.519 601 1001 3 N 
10-May B249 27.368 -88.537 200 601 4 N 
10-May B249 27.329 -88.549 0 200 5 N 
11-May B064 27.471 -88.957 998 1201 2 N 
11-May B064 27.453 -88.939 576 998 3 N 
11-May B064 27.417 -88.902 201 576 4 N 
11-May B064 27.390 -88.877 0 201 5 N 
11-May B083 27.992 -88.978 1000 1200 2 D 
11-May B083 27.980 -88.960 601 1000 3 D 
11-May B083 27.938 -88.925 199 601 4 D 
11-May B083 27.897 -88.894 0 199 5 D 
11-May B083 28.054 -88.977 1000 1202 2 N 
11-May B083 28.025 -88.977 601 1000 3 N 
12-May B083 27.981 -88.953 194 601 4 N 
12-May B083 27.927 -88.925 0 194 5 N 
14-May B184 28.474 -88.788 601 1005 3 N 
15-May B184 28.435 -88.702 999 1201 2 D 
15-May B184 28.456 -88.711 601 999 3 D 
15-May B184 28.501 -88.729 201 601 4 D 
15-May B184 28.541 -88.756 9 201 5 D 
15-May B184 28.513 -88.830 200 601 4 N 
15-May B184 28.565 -88.885 5 200 5 N 
16-May B016 27.993 -90.009 200 440 4b D 
16-May B016 28.018 -89.999 10 200 5 D 
16-May B016 28.051 -89.845 201 595 4 N 
16-May B016 28.102 -89.875 0 201 5 N 
16-May B185 27.909 -89.494 600 857 3b N 
16-May B185 27.935 -89.531 400 600 4a N 
17-May B185 27.954 -89.505 800 900 3c D 
17-May B185 27.966 -89.506 601 800 3b D 
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Date Sample 
ID code 
Latitude 
(°N) 
Longitude 
(°W) 
Upper 
depth (m) 
Bottom 
depth (m) 
Depth 
code 
Solar 
cycle 
17-May B185 27.987 -89.505 0 601 4c D 
17-May B248 27.534 -89.456 1201 1301 1b N 
17-May B248 27.553 -89.455 1001 1201 2 N 
18-May B061 27.488 -89.963 1000 1175 2 N 
18-May B248 27.481 -89.489 1200 1302 1b D 
18-May B248 27.596 -89.455 601 1001 3 N 
18-May B248 27.642 -89.457 200 601 4 N 
18-May B248 27.686 -89.462 5 200 5 N 
19-May B061 27.475 -89.940 999 1099 2 D 
19-May B061 27.466 -89.924 798 999 3d D 
19-May B061 27.450 -89.896 601 798 3b D 
19-May B061 27.438 -89.879 195 601 4 D 
19-May B061 27.415 -89.839 8.4 195 5 D 
19-May B061 27.477 -89.931 800 1000 3d N 
19-May B061 27.465 -89.899 601 800 3b N 
19-May B061 27.450 -89.861 200 601 4 N 
19-May B061 27.412 -89.800 5 200 5 N 
19-May B247 27.516 -90.521 800 957 3d N 
19-May B247 27.508 -90.508 601 800 3b N 
20-May B247 27.474 -90.470 1002 1198 2 D 
20-May B247 27.447 -90.446 800 1002 3d D 
20-May B247 27.427 -90.432 600 800 3b D 
20-May B247 27.406 -90.417 201 600 4 D 
20-May B247 27.370 -90.391 8 201 5 D 
20-May B247 27.490 -90.476 400 601 4a N 
20-May B247 27.479 -90.456 200 400 4b N 
20-May B247 27.466 -90.427 5 200 5 N 
21-May B245 27.474 -92.543 401 600 4a D 
21-May B245 27.456 -92.535 200 401 4b D 
21-May B245 27.437 -92.526 100 200 5a D 
21-May B245 27.424 -92.520 10 100 5b D 
21-May B245 27.443 -92.456 700 850 3b N 
21-May B245 27.422 -92.444 599 700 3b N 
21-May B245 27.411 -92.439 400 599 4a N 
22-May B245 27.391 -92.429 201 400 4b N 
22-May B245 27.370 -92.419 5 201 5 N 
22-May SW-2 27.561 -92.024 402 599 4a D 
22-May SW-2 27.537 -92.008 201 402 4b D 
22-May SW-2 27.516 -91.995 100 201 5a D 
22-May SW-2 27.505 -91.987 8 100 5b D 
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Date Sample 
ID code 
Latitude 
(°N) 
Longitude 
(°W) 
Upper 
depth (m) 
Bottom 
depth (m) 
Depth 
code 
Solar 
cycle 
22-May SW-2 27.530 -92.019 600 700 3b N 
23-May B246 27.539 -91.517 800 875 3c D 
23-May B246 27.530 -91.512 601 800 3b D 
23-May B246 27.509 -91.502 398 601 4a D 
23-May B246 27.490 -91.495 200 398 4b D 
23-May B246 27.469 -91.487 0 200 5 D 
23-May B246 27.493 -91.469 800 850 3c N 
23-May B246 27.493 -91.462 600 800 3b N 
23-May SW-2 27.512 -92.014 400 600 4a N 
23-May SW-2 27.485 -92.008 201 400 4b N 
23-May SW-2 27.457 -92.001 100 201 5a N 
23-May SW-2 27.442 -91.997 5 100 5b N 
24-May B246 27.495 -91.426 400 600 4a N 
24-May B246 27.499 -91.397 200 400 4b N 
24-May B246 27.502 -91.361 6 200 5 N 
24-May SW-1 27.524 -91.026 801 850 3c D 
24-May SW-1 27.517 -91.020 601 801 3b D 
24-May SW-1 27.502 -91.008 399 601 4a D 
24-May SW-1 27.483 -90.996 201 399 4b D 
24-May SW-1 27.463 -90.984 9 201 5 D 
24-May SW-1 27.479 -90.979 801 1001 3d N 
25-May SW-1 27.505 -90.997 600 801 3b N 
25-May SW-1 27.529 -91.015 400 600 4a N 
25-May SW-1 27.554 -91.035 200 400 4b N 
25-May SW-1 27.579 -91.056 6 200 5 N 
3-Jun B065 27.483 -88.010 1000 1200 2 D 
3-Jun B065 27.471 -88.017 600 1000 3 D 
3-Jun B065 27.438 -88.068 5 200 5 D 
3-Jun B065 27.534 -87.952 600 1000 3 N 
3-Jun B065 27.495 -88.011 5 200 5 N 
3-Jun B286 27.496 -87.461 1200 1502 1 N 
4-Jun B079 27.504 -87.009 1200 1502 1 N 
4-Jun B286 27.523 -87.517 1199 1506 1 D 
4-Jun B286 27.551 -87.543 1000 1199 2 D 
4-Jun B286 27.562 -87.561 600 1000 3 D 
4-Jun B286 27.567 -87.616 200 600 4 D 
4-Jun B286 27.511 -87.497 1000 1200 2 N 
4-Jun B286 27.519 -87.514 597 1000 3 N 
4-Jun B286 27.540 -87.554 200 597 4 N 
4-Jun B286 27.557 -87.585 5 200 5 N 
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Date Sample 
ID code 
Latitude 
(°N) 
Longitude 
(°W) 
Upper 
depth (m) 
Bottom 
depth (m) 
Depth 
code 
Solar 
cycle 
5-Jun B079 27.483 -86.977 1200 1500 1 D 
5-Jun B079 27.514 -87.003 1000 1200 2 D 
5-Jun B079 27.538 -87.023 600 1000 3 D 
5-Jun B079 27.582 -87.057 200 600 4 D 
5-Jun B079 27.627 -87.092 5 200 5 D 
5-Jun B079 27.520 -87.039 1001 1200 2 N 
5-Jun B079 27.530 -87.057 600 1001 3 N 
5-Jun B079 27.560 -87.105 200 600 4 N 
5-Jun B079 27.602 -87.150 5 200 5 N 
5-Jun B255 27.518 -86.522 1200 1501 1 N 
6-Jun B254 27.906 -86.515 1200 1500 1 N 
6-Jun B255 27.483 -86.495 1201 1499 1 D 
6-Jun B255 27.503 -86.493 1001 1201 2 D 
6-Jun B255 27.529 -86.493 600 1001 3 D 
6-Jun B255 27.571 -86.495 201 600 4 D 
6-Jun B255 27.622 -86.498 5 201 5 D 
6-Jun B255 27.545 -86.552 1000 1200 2 N 
6-Jun B255 27.562 -86.575 599 1000 3 N 
6-Jun B255 27.591 -86.616 201 599 4 N 
6-Jun B255 27.630 -86.662 5 201 5 N 
7-Jun B163 28.006 -86.080 800 1002 3d N 
7-Jun B163 27.990 -86.061 600 800 3b N 
7-Jun B254 27.884 -86.464 1199 1500 1 D 
7-Jun B254 27.914 -86.478 1000 1199 2 D 
7-Jun B254 27.936 -86.477 600 1000 3 D 
7-Jun B254 27.962 -86.434 200 600 4 D 
7-Jun B254 27.969 -86.370 5 200 5 D 
7-Jun B254 27.917 -86.552 1000 1200 2 N 
7-Jun B254 27.921 -86.573 600 1000 3 N 
7-Jun B254 27.927 -86.618 200 600 4 N 
7-Jun B254 27.931 -86.666 5 200 5 N 
8-Jun B078 27.517 -86.042 1200 1501 1 N 
8-Jun B163 27.844 -86.116 1201 1503 1 D 
8-Jun B163 27.848 -86.076 1000 1201 2 D 
8-Jun B163 27.850 -86.053 599 1000 3 D 
8-Jun B163 27.849 -86.004 201 599 4 D 
8-Jun B163 27.846 -85.962 3 201 5 D 
8-Jun B163 27.977 -86.045 401 600 4a N 
8-Jun B163 27.956 -86.023 200 401 4b N 
8-Jun B163 27.929 -85.996 5 200 5 N 
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Date Sample 
ID code 
Latitude 
(°N) 
Longitude 
(°W) 
Upper 
depth (m) 
Bottom 
depth (m) 
Depth 
code 
Solar 
cycle 
9-Jun B078 27.492 -86.001 1000 1200 2 N 
9-Jun B078 27.473 -85.974 599 1000 3 N 
9-Jun B078 27.434 -85.922 200 599 4 N 
9-Jun B078 27.402 -85.881 5 200 5 N 
9-Jun B162 27.526 -85.650 1200 1500 1 N 
10-Jun B162 27.477 -85.628 1202 1500 1 D 
10-Jun B162 27.489 -85.596 1001 1202 2 D 
10-Jun B162 27.497 -85.578 601 1001 3 D 
10-Jun B162 27.511 -85.545 201 601 4 D 
10-Jun B162 27.527 -85.507 13 201 5 D 
10-Jun B162 27.493 -85.625 1000 1200 2 N 
10-Jun B162 27.468 -85.610 592 1000 3 N 
10-Jun B162 27.425 -85.592 201 592 4 N 
10-Jun B162 27.394 -85.576 6 201 5 N 
10-Jun SE-6 26.998 -85.493 1200 1501 1 N 
11-Jun SE-5 26.985 -86.008 1200 1502 1 N 
11-Jun SE-6 26.989 -85.513 1200 1500 1 D 
11-Jun SE-6 27.011 -85.482 1000 1200 2 D 
11-Jun SE-6 27.024 -85.463 600 1000 3 D 
11-Jun SE-6 27.056 -85.424 200 600 4 D 
11-Jun SE-6 27.074 -85.371 0 200 5 D 
11-Jun SE-6 27.008 -85.445 1000 1200 2 N 
11-Jun SE-6 27.014 -85.420 600 1000 3 N 
11-Jun SE-6 27.023 -85.373 200 600 4 N 
11-Jun SE-6 27.027 -85.320 5 200 5 N 
12-Jun SE-5 26.950 -85.971 1175 1501 1 D 
12-Jun SE-5 26.982 -85.961 1001 1175 2 D 
12-Jun SE-5 26.998 -85.957 600 1001 3 D 
12-Jun SE-5 27.044 -85.944 200 600 4 D 
12-Jun SE-5 27.070 -85.908 5 200 5 D 
12-Jun SE-5 27.015 -85.990 1000 1200 2 N 
12-Jun SE-5 27.031 -85.977 600 1000 3 N 
12-Jun SE-5 27.072 -85.940 201 600 4 N 
12-Jun SE-5 27.117 -85.902 5 201 5 N 
17-Jun SW-11 26.998 -92.515 1200 1253 1b N 
17-Jun SW-11 26.996 -92.519 1000 1200 2 N 
17-Jun SW-11 26.985 -92.535 600 1000 3 N 
18-Jun SW-10 26.937 -91.953 1200 1350 1b N 
18-Jun SW-10 26.919 -91.946 996 1200 2 N 
18-Jun SW-11 27.002 -92.486 1200 1257 1b D 
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Date Sample 
ID code 
Latitude 
(°N) 
Longitude 
(°W) 
Upper 
depth (m) 
Bottom 
depth (m) 
Depth 
code 
Solar 
cycle 
18-Jun SW-11 26.991 -92.480 990 1200 2 D 
18-Jun SW-11 26.965 -92.568 199 600 4 N 
18-Jun SW-11 26.943 -92.602 5 199 5 N 
19-Jun SW-10 26.995 -91.995 1200 1353 1b D 
19-Jun SW-10 26.967 -91.985 1000 1200 2 D 
19-Jun SW-10 26.939 -91.978 599 1000 3 D 
19-Jun SW-10 26.885 -91.963 200 599 4 D 
19-Jun SW-10 26.843 -91.956 5 200 5 D 
19-Jun SW-10 26.897 -91.937 600 996 3 N 
19-Jun SW-10 26.855 -91.919 200 600 4 N 
19-Jun SW-10 26.802 -91.891 5 200 5 N 
19-Jun SW-9 27.019 -91.499 1200 1501 1 N 
20-Jun SW-8 27.014 -91.023 1200 1500 1 N 
20-Jun SW-9 27.093 -91.507 1198 1502 1 D 
20-Jun SW-9 27.059 -91.483 999 1198 2 D 
20-Jun SW-9 27.046 -91.477 600 999 3 D 
20-Jun SW-9 27.016 -91.462 202 600 4 D 
20-Jun SW-9 26.993 -91.445 0 202 5 D 
20-Jun SW-9 26.990 -91.490 1000 1200 2 N 
20-Jun SW-9 26.976 -91.483 583 1000 3 N 
20-Jun SW-9 26.941 -91.462 199 583 4 N 
20-Jun SW-9 26.907 -91.437 0 199 5 N 
21-Jun SW-7 27.000 -90.502 1200 1400 1 N 
21-Jun SW-8 27.062 -90.998 1200 1502 1 D 
21-Jun SW-8 27.032 -90.975 999 1200 2 D 
21-Jun SW-8 27.019 -90.965 598 999 3 D 
21-Jun SW-8 26.991 -90.945 200 598 4 D 
21-Jun SW-8 26.961 -90.925 5 200 5 D 
21-Jun SW-8 26.984 -91.006 1002 1200 2 N 
21-Jun SW-8 26.964 -90.992 602 1002 3 N 
21-Jun SW-8 26.935 -90.965 199 602 4 N 
22-Jun SW-6 27.037 -90.035 1200 1500 1 N 
22-Jun SW-6 27.010 -90.045 1000 1200 2 N 
22-Jun SW-7 26.980 -90.515 1199 1401 1 D 
22-Jun SW-7 26.962 -90.507 999 1199 2 D 
22-Jun SW-7 26.947 -90.501 600 999 3 D 
22-Jun SW-7 26.913 -90.489 199 600 4 D 
22-Jun SW-7 26.878 -90.479 0 199 5 D 
23-Jun SW-5 27.005 -89.505 1200 1500 1 N 
23-Jun SW-5 26.971 -89.511 1001 1200 2 N 
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Date Sample 
ID code 
Latitude 
(°N) 
Longitude 
(°W) 
Upper 
depth (m) 
Bottom 
depth (m) 
Depth 
code 
Solar 
cycle 
23-Jun SW-6 27.008 -90.119 1200 1501 1 D 
23-Jun SW-6 26.974 -90.121 999 1200 2 D 
23-Jun SW-6 26.961 -90.117 600 999 3 D 
23-Jun SW-6 26.931 -90.104 201 600 4 D 
23-Jun SW-6 26.891 -90.082 0 201 5 D 
23-Jun SW-6 26.994 -90.044 600 1000 3 N 
23-Jun SW-6 26.960 -90.025 201 600 4 N 
23-Jun SW-6 26.929 -90.011 5 201 5 N 
24-Jun SW-3 26.994 -88.494 1200 1505 1 N 
24-Jun SW-3 27.001 -88.533 1001 1200 2 N 
24-Jun SW-5 26.984 -89.509 1199 1501 1 D 
24-Jun SW-5 26.959 -89.515 998 1199 2 D 
24-Jun SW-5 26.949 -89.524 600 998 3 D 
24-Jun SW-5 26.916 -89.509 199 600 4 D 
24-Jun SW-5 26.870 -89.470 0 199 5 D 
24-Jun SW-5 26.949 -89.516 601 1001 3 N 
24-Jun SW-5 26.915 -89.527 200 601 4 N 
24-Jun SW-5 26.873 -89.537 1 200 5 N 
25-Jun SW-3 26.990 -88.461 1199 1502 1 D 
25-Jun SW-3 26.998 -88.483 1000 1199 2 D 
25-Jun SW-3 27.004 -88.499 600 1000 3 D 
25-Jun SW-3 27.017 -88.530 200 600 4 D 
25-Jun SW-3 27.030 -88.571 5 200 5 D 
25-Jun SW-3 27.006 -88.556 600 1001 3 N 
25-Jun SW-3 27.016 -88.608 200 600 4 N 
25-Jun SW-3 27.013 -88.648 5 200 5 N 
26-Jun SE-2 26.974 -87.509 1198 1500 1 D 
26-Jun SE-2 26.933 -87.509 998 1198 2 D 
26-Jun SE-2 26.926 -87.514 600 998 3 D 
26-Jun SE-2 26.919 -87.529 200 600 4 D 
26-Jun SE-2 26.927 -87.572 2 200 5 D 
26-Jun SE-4 26.990 -86.516 1194 1501 1 N 
27-Jun SE-3 27.026 -87.011 1200 1499 1 N 
27-Jun SE-3 26.994 -86.994 1000 1200 2 N 
27-Jun SE-4 27.007 -86.457 1200 1505 1 D 
27-Jun SE-4 26.986 -86.474 1000 1200 2 D 
27-Jun SE-4 26.973 -86.486 600 1000 3 D 
27-Jun SE-4 26.952 -86.508 201 600 4 D 
27-Jun SE-4 26.921 -86.541 6 201 5 D 
27-Jun SE-4 26.966 -86.549 1000 1194 2 N 
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Date Sample 
ID code 
Latitude 
(°N) 
Longitude 
(°W) 
Upper 
depth (m) 
Bottom 
depth (m) 
Depth 
code 
Solar 
cycle 
27-Jun SE-4 26.951 -86.568 599 1000 3 N 
27-Jun SE-4 26.923 -86.599 200 599 4 N 
27-Jun SE-4 26.915 -86.645 7 200 5 N 
28-Jun SE-1 26.990 -87.997 1200 1500 1 N 
28-Jun SE-1 27.008 -88.026 1000 1200 2 N 
28-Jun SE-3 27.008 -86.996 1200 1500 1 D 
28-Jun SE-3 26.988 -87.016 1000 1200 2 D 
28-Jun SE-3 26.978 -87.030 600 1000 3 D 
28-Jun SE-3 26.954 -87.068 200 600 4 D 
28-Jun SE-3 26.933 -87.104 6 200 5 D 
28-Jun SE-3 26.972 -86.988 592 1000 3 N 
28-Jun SE-3 26.936 -86.969 201 592 4 N 
28-Jun SE-3 26.905 -86.956 5 201 5 N 
29-Jun SE-1 26.955 -88.001 1201 1500 1 D 
29-Jun SE-1 27.029 -88.146 5 199 5 D 
29-Jun SE-1 27.021 -88.048 601 1000 3 N 
29-Jun SE-1 27.048 -88.097 200 601 4 N 
29-Jun SE-1 27.066 -88.139 0 200 5 N 
 
